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Directing Cells to Target Tissues or Organs 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

The U.S. Government may have certain rights in this invention pursuant to Grant 
No. HL50470 and HL71970 awarded by National Institute of Health. 

TECHNICAL FIELD 

This invention relates generally to directing cells, and more specifically to 
directing cells to injured or diseased tissues or organs. 

BACKGROUND 

Heart failure is an increasingly common clinical problem that affects 8 of every 
100 individuals past the age of 70 years. Mechanical overload resulting from regional 
loss of functioning myocardium secondary to infarct can result in asymptomatic left 
ventricular dysfunction of long duration. During this time, myocyte hypertrophy is 
commonly seen, but contractile function of isolated myocytes may remain normal despite 
15 abnormal chamber function. However, prolonged overload often leads to the 
development of overt congestive heart failure and the appearance of contractile 
dysfunction of isolated myocytes. In a general sense, the molecular and cellular basis for 
the syndrome of progressive heart failure results from the inability of damaged and 
apoptotic myocytes to be replaced, since cardiac myocytes are generally thought to be 
20 terminally differentiated. 
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SUMMARY 

The invention establishes a system for directing and non-invasive tracking of 
transplanted stem cells in vivo. Stem cells can be tagged and labeled to direct the stem 
cells to the target tissue or organ and to monitor their location, respectively. Methods of 
the invention can be used for cellular therapy in regenerative medicine and specifically 
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can be used to treat transmural myocardial infarct as well as cardiac failure secondary to 
postinfarction LV remodeling. 

In one aspect, the invention provides a method of directing cells to a damaged or 
diseased tissue or organ in an individual. Such a method includes providing a tagged 
cell, wherein the cells are tagged with a target cell binding member; and introducing the 
tagged cell into the vasculature of the individual. Such a method directs the cells to the 
damaged or diseased tissue or organ. 

The cells used in the methods of the invention can be autologous, allogeneic, or 
xenogeneic relative to said individual. For example, the cells used in the methods of the 
invention can be stem cells. Representative stem cells include mesenchymal stem cells 
(MSCs), and endothelial progenitor stem cells (EPQ. Cells generally are introduced into 
an individual via a coronary vein, a peripheral vein, or a coronary artery of the individual 

Representative target cell binding members include annexin, an antibody having 
specific binding affinity for cardiac-specific troponin T, an antibody having specific 
binding affinity for cardiac-specific troponin I, an antibody having specific binding 
affinity for skeletal muscle-specific troponin T, an antibody having specific binding 
affinity for skeletal muscle-specific troponin I, and an antibody having specific binding 
affinity for myosin. 

Examples of damaged tissues or organs include myocardial tissue, pericardial 
tissue, pancreatic tissue, kidney tissue, skeletal muscle tissue, central nervous system 
tissue, and liver tissue. 

In an embodiment of the invention, tagged cells also can include an imaging 
agent. Representative imaging agents include monocristalline iron oxide nanoparticle 
(MION), superparamagnetic iron oxide particles (SPIO), and ultra small 
superparamagnetic iron oxide (USPIO). Such an imaging agent can be used for imaging 
the tagged cells. " 

In another aspect, the invention provides a method of delivering stem cells to a 
myocardial infarction in an individual. Such a method includes providing tagged stem 
cells, wherein the stem cells are tagged with annexin; and introducing the tagged stem 
cell mto the vasculature of the individual. Such a method thereby delivers the stem cells 
to the myocardial infarction. Representative stem cells include MSCs and EPCs. 
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In ye, anchor aspect, ft. faction provides a Mmpositioil m 

Z^T' a T Sr ' ad * ^ ^ °° a bindin * membH -- Representative tajHel, 
buuuagmembers include annexin, an antibody having specific bmdmg affinity J 
oarcacspecific hoponinT, an antibcdy having specific binding affinity for cardiac 
specie teoponin I, „ antibody having specific binding affinity for skeletel mucie- 

r 0Bin T ' " ^ ^ *•"■» - ^ skeletal muscle- 

specific tioponin I, and an antibody having specific binding affinity for myosin A 
composition of the invention can further include an ; m „„i . . ' 

and USPIO. 8 38 SU ° h M MION ' SPI °' 

mm 177"°" T " ,Va " i0n °" in0lUde ta, ™*« for «»* - 

targe, cell binding member nsing me linker, wherein «he ce„s are stem cel.s harvested 
*- an individual, and former can include inshuctions for performing an auhMogoua 
n-ansplari, on , he mdividual v«m me cells after fire tegging 

In sfil. corner aspect me invention provides isolated stem cells, wherein me stem 

^-^^aheterologonsterge.ce.lbindmgmember.SuchstemceUsl 
further labeled with an imaging agent. 

Unless odrerwise defined, all technical and scienfific ,erma used herein have me 
™amng as commonly understood by one of ordinary ski,, in me art te which mis 
mvennon belongs. Almough memods m d materials similar or equivalen, te mose 
meft^H^^ Iterera can be used in die practice or testing of file presen, invention, suitable 

TXT! r: a,SaredeSCribK " ,e,OW - * ~. and 

examples are ulustnmve only and no, intended to be limiting All publications, paten, 

applications, patents, and omer references mention* herein are incorporated by reference 

m^r entirety. In case of confiic, He presen, specification. Ending definitions, wT 

The detei,s of one or more embodiments of the invention are se, forth in the ; 
accompanying drawings and «he description be.ow. Omer featiires, objeCs, and 
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DESCRIPTION OF DRAWINGS 

n,« I* 0 " 5 ° f fl ° W Cy,OIn ^ ° f »«* •» - without tagging 

(bottom row). Pans. A demonstrates ft* MSC without tags mooted with mcST 
amrextn amibody on Iy . The fluorescence counts represent ^ f^.., 
demonstrates that MSCs tagged with ^.044 fc ^ 

mteractedwithFirC-IgG. The fluorescence counts represent to FTTC-IgG PanelC 
demonstrates that MSCs tagged with anfl^44 antibody chunked ,. annexirt 

±"anel A B, and C combined as indicated. 

Like reference symbols in the various drawings indicate like elements. 



DETAILED DESCRIPTION 

The invention esteblis.es a system for directing and non-invasive hacking of 
ttansplanteristemcUsinv/vo. For exempt autologous stem ce,l 8 can be tegged wi* 

*rec the stent cefls to me target organ and aUow for non-invasive monitoring of the stem 
^(c ;g .,usmgMRI),respec„vely. Such tagged and labeled MSCs can be used 
c.uuca, y to inoreaS e engraflmen, of me tenanted stem cehs, and te aflow for not, 

st^caitranspUutarion. Methods of the irtvetdion can be used ,0 trea, damaged (injured) 
20 or dtseased hssues or organs such as, but no. iimited to hear, liver, kidney, nltT 

pancreasus.ugeenuiaru.erapysuchass.emcel., For exampte, methods of the ' 

mventton can be used ,0 heat transmura. myocardia! into* as weU as cardiac faiiur. 

secondary to postinfarction LV remodeling. 

25 Stem cells 

Stem celis are defined as ceils ma, have extensive, sometimes indefinite 
prohterarionpotenua,. thai can differentiate into severe, cel. hoeages, and thatcanre- 
popu a, hssuea upon transpiantation. The ouintessentra, stem ce„ is the 

^ceil.asESceUs.ypieauyhaveaminntedseif-renewa.andmultipo.en. 
dtffereattadonpotenual. ES ceils are derived from , he inner ce„ mass of a Mastocyst, or 
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can be derived fiom primordial gem cefis ftom , pbst-tapiantatjon embryo (embryonal 
genu (EG) ceHs). ES and EG cells have been derived from mice, non-human primates 
and human, When intioducodutto mouse blasts or blastocysts fiom otter animals, 

Ce " S — COn,ribute '° *" *— <*- — » When transplanted into post-natel 
annuals, BS and EG cells generate teratomas, which again demonstrates their 
multipotency. ES and EG ceils can be identified by positive staining with ann-SSBA-1 
and an.WSBA-4 antibodies (Thomson e, a.., .998. ^ 282:U4) . At the molecular 
levd BS and EG oeUs express a number of transcription factors highly specific for these 
tmdtfierentiated cells includingoct-4 and Rex-1. Another hallmark of ES cells is the 
presence of telomere, which provides these culls with unlimited self-renewal potential 
in vitro. . 

Stem cells have also been identified in many tissues. The best characterized is the 
hematopoietic stem cell, while neural, gastrointestinal, epidemtal, hepatic and 
mesenchymal (MSC) stem culls also have been described. Compared with ES cans, tissue 
specific stem cells have leas self-renewal ability and, although they can differentiate into 
multiple lineages, they are usually not multipotent 

Until recently, i, was thought mat tissue specific stem cells could differentiate into 
cells of onfy that type of tissue. However, a number ofrecen, reports have suggested mat 
adult organ-specifio stem ce..s may be capable of differentiating into culls of different 
tissues. Two studies have shown that cells infused at the time of a bone marrow 
transplantation can differentiate into skeletal muscle (Ferrari et al., 1998, Sconce 
279:528-30; Gussonietal., 1999,^401 : 39(M). Ottterstedies suggest ma, 'stem 
cells fiom one embryonal layer (for instance splanchnic mesoderm) can differentiate into 
tissues fiom a different emh^yonal layer. For instance, endothelial cells or their 
precursors ma, are detected in humans or animals that underwent marrow transplantation 
are at least in part derived fiom the marrow donor (Takahashi et al.. 1999. Nat Med. 
5:434-8; Lin e, al., 2000, J. Clin. , Bm ,., ,0S :71 -7). Even more surprising are reports 
demounting, ha, hepatic epithelial culls and biliary du« epimeual cells m both rodents 
and humans are derived fiom the donor marrow (Wang e, al., 2003, Nature, 422:897-901 
and references therein). likewise, neural stem cells can differentiate into hematopoietic 
cells (Orhc e, a.., 2001, Nature, 410:701-5; Jackson e, al., 2001, J. C/m. W, 
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107:1395-1402). Finally, 1, has been reported fl* neral stem cells taJected ^ 

r^T" 1 ** to * assues of a " mouse cAsahara * *• ,9w - <** 

Most sudie* to s how differentiation of stem cells into cell types outside fte 

T re ° liat " >n Pr0CeSS ta *" * — in organs 

tot have been damaged: ischemia for em.oU.eUal engraftmen, (Takahasbi a, al ,999 

No, ^ 5:434-8). Crhosis for Hver and bile due, engraflmen, (Wang e, a,., 2003, ' 
Nature, 422:897-901), toxin administration (Ferrari et al., .998,^.279:528-30) or 
m„scu.ardy S ,rephy(Gussome,a,., 1999, Nature, 401 :390-4) for muscle engraflmen,,' or 
10 when the organ is growing. 

Example of stem cells include me mesenchymal stem cells (MSCs), as well as 
numerous othera available eommereiaUy or from public depositories (e.g., American 
Type Culmre Couecfon, Manassas, VA). See a!so US. Paten, Nos. 5,843,780 and 
6,200,806. A.moughs te r»ce 1 lswomd 1 ikelybeu S edi„ m os,cUmcaIse tt m gs ,„ 0 „. stem 
15 cells also can be tagged as described herein and used in the methods of ,hc invenHon. 

Tagging stem cells 

The methods of the invendon allow for targeted delivery ofstemcella to a . 
damagedordiseasedtissneororgan. Targeted dehvery of stem cells is accomplished by 
teggtng the stem coUs with a "targe, col. binding member." Aa used herein, "targe, cell 

bmdmg m ember--refera to a P olypep«de(e.g,anantthody)„r„ U ,ermacromolec„.e(eg 

that ts available for binding in target colla of me damaged or diseased tissue or organ 

^ n ^»tatogm m beraaregcnera. 1 yno,availableforbinding in co U so,d SSU e S or 
organamatarenotdamagedordiseasod. A heterologous target cell binding member is a 
bmdmg member that is no, found artached to the stem cells in natere. Cells of damaged 

ordtseaaeddssuesororgansincludedtosecena^dergoingdean,. A cell can undergo 
deadi due to injury or suicide (i.e„ apoptosis). 

30 _ .T! xa ^ leofato6e,cenbinto8mOTbwtocmbe »^ to,a « s '-^- 

aunexmV. Annexin V binds to exteriorized phosphatidylserihe (PS) with a very high ' 
afnm V(K ».7^ 1) .TO sU gh,bindi„gha S beenused to idend fy apo 1 .,o«cce ll a 
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cuamcterizedby PS exteriorization. Armexra V a!so binds to necrotic cefis. Although 
coaguhmon necrosis is characteristic of myocardial hritacuon, „rge number, of apoptotic 
myocyte are found admixed with nectotic cella in the Ware, center, particular* during 

tnftrchom labeled annexin V also has been used for non-invasive detection of 
cardiac allograft rejection. 

Antibodies also can be used as targe, cell binding member. Antibodies have 
been used ,o deliver isotopes in radiation medicine, and to direct cytotoxic drag 
^mpoundstospeefflchosttissueeelbortomoreellsinoncology. Therefore, antibodies 

dead, can he used tn the prasen, invention. Representative proteins mat become availaHe 
for bmdtng upon mjury or diseaseof one ormora ee,.s include, bntara no. limitedto 
ca^ac-specitic tioponin T, cardiac-specific troponin r, skeletal musCe-speeific rroponh, 
T, skeletal muscle-specific troponin Ij and myosin. 

Them am many examples of proteins mat can be used as targe, cell binding 
raemhersorntatcanbeusedtogenerateterge.oellhindingmembers. Forexamp,e;.the 
pamo.og.cal change* in different phases of post-infarction myocardium am orchestrated 

Irr? "*~ iMmmMOIy iM ' Udi ^ «» « -cade, 

^wti, factors, chemoatiractente, adhesion molecules, cel. infiltratiou, angiogeneais, and 

me reteaae of ceUuiar components, e.g„ myosin, or troponin T. Therefore, i, is possible 

a texT T.T 10 *~ ° r ^ (e *' » " ~" area) using 

ter^cenbmdn^memhernm.bindstoaaecondbmmngmemherinoronceljfme 
target tissue or organ. 

'Tagging- as used herein refers to toe ae, of attaching a target cell binding 
member to a stem eel!. Stem eelis can be tagged with a targe, ceU binding member using 
anumberofdifferent-linkera." For example, ar, antibody having specific binding 
afflmry for a ecu-surface protein can be used. For exantp,e, anti-CD44 antibodies can he 
atiached to a targe, cell binding member and used to link me binding member to a 
mes^hyraa, stem ceil. Alternatively, anti-CD31 antibodies or anti-CD34 antibodies can 
beached toatarge, ceil binding member and used to In* me binding memberto 
ovulating endodtelia! progenitor cells (EPCs). In addition, to increase me number of 
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sites available to attach target cell binding members and/or imaging agents, the antibody 
can be biotinylated (before or after the antibody is attached to the stem cell) and 
contacted with avidin-target cell binding member complexes. Avidin has multiple 
binding sites, and therefore can accommodate multiple moieties (e.g., multiple target cell 
5 binding members, and/or one or more imaging agents). 

The ability of a target cell binding member to target a damaged tissue or organ in 
an individual can be evaluated using the in vitro methods and animal models described 
herein. 

10 Methods of delivering tagged stem cells 

Once stem cells are tagged, they can be delivered to the vasculature of an 
individual using several different routes. Stem cells can be introduced into an individual 
through an anterior intraventricular vein catheter. It can be advantageous to close the 
coronary vein by ligature after introducing the stem cells. Alternatively, stem cells can 
be introduced through the coronary artery. Generally, 100 to 50 million stem cells are 
transplanted into an individual (e.g., 1000 cells, 10,000 cells, 100,000 cells, 1 000 000 
cells, 10,000,000 cells, or 50,000,000 cells). Methods for introducing a catheter into the 
vasculature of an individual are known to those of skill in the art. 

The stem cells delivered to an individual can be from a variety of sources 
Relative to the individual receiving the stem cells, the stem cells can be allogeneic (i e 
from the same species (e.g., human) but a different individual (e.g., a close relative)) or 
xenogeneic (i.e., from a different species (e.g., a swine or non-human primate) than that 
of the recipient individual (e.g., a human)), fa the most common clinical application, the 
stem cells would be autologous. For example, stem cells can be obtained from an 
individual (e.g., at the time of treatment or collected at birth), tagged, and labeled if so 
desired, and introduced back into the same individual. 

Methods of non-invasive monitoring of stem cells 

NMR or MRI methods can be used in conjunction with an appropriate imaging 
agent to monitor the stem cells once they have been introduced into an individual 
Imaging agents include a physiologically compatible metal chelate compound consisting 
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of one or more cyclic or acyclic organic chelating agents complexed to one or more metal 
ions, ,odinated organic molecules, chelates of heavy metal ions, gas-filled bubbles 
radioactive molecules, organic and inorganic dyes, and metal-ligand complexes of 
paramagnetic forms of metal ions. Chelating agents for MRI are known in the art and 
include magnevist gadopentetate dimeglumine (DTP A), dotarem gadoterate meglumine 
(DOTA), omniscan gadodiamide (DTPA-BMA), and ProHance gadoteridol (HP-D03A) 
Specific examples of imaging agents include MION, SPIO, and USPIO. Imaging agents 
are available commercially from, for example, Advanced Magnetics. Methods for 
introducing imaging agents into cells are well known in the art. 

In MRI, the image of an organ or tissue is obtained by placing a subject in a 
strong external magnetic field and observing the effect of this field on the magnetic 
properties of the protons (hydrogen nuclei) contained in and surrounding the organ or 
tissue. The proton relaxation times, termed T, and T 2 , are of primary importance T, 
(also called the spin-lattice or longitudinal relaxation time) and T 2 (also called the spin- 
spin or transverse relaxation time) depend on the chemical and physical environment of 
organ or txssue protons and are measured using the Rf pulsing technique; this information 
is analyzed as a function of distance by computer which then uses it to generate an image 

In order for an imaging agent to effectively image, the agent must be capable of 
enhancing the relaxation rates 1/T, (longitudinal, or spin-lattice) and/or 1/T 2 (transverse 
or spm-spm) of water protons or other imaging or spectroscopic nuclei, including 
protons, on other biomolecules. Relaxivities R, and R 2 are defined as the ability to 
increase 1/T, or 1/T 2 , respectively, per mM of metal ion (mMV'). The most common 
form of clinical MRI is water proton MRI. In addition to increasing the 1/T, or 1/T 2 of 
tissue nuclei via dipole-dipole interactions, imaging agents can affect two other magnetic 
properties and thus can be of use clinically. First, an iron particle or metal chelate of high 
magnetic susceptibility, particularly chelates of Dy, Gd, or Ho, can alter the MRI signal 
intensny of tissue by creating microscopic magnetic susceptibility gradients. Second, an 
iron particle or metal chelate can also be used to shift the resonance frequency of water 
proton or other imaging or spectroscopic nuclei, including protons, on other 
biomolecules. Depending upon the strategy used, zero to three open coordination sites 
can be employed. 
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For descriptions and reviews of imaging agents, the introduction of imaging 
agen* m. cells, and imaging tecnnioues, see, for example, Lauffer, 1987 , CW L„ 

^951,675 19 "' C ^ ^ 99:2293 ' 2352 > - d U-S. Patent No. 

Compositions and articles of manufacture 

Tbe invention also includes colons for t a 8ging stem cells . A Uon 
of * ; mveuhon M taclude « least me lfaker mo . ety; md ^ ^ P 

member. Representative teg « oeM bindm g members Me described ™* ng 

"mbody havu,g spectiio binding affinity f or cardiac-specific troponin I, an antibody 
bavmg specie bindin g affntity for r nra c 1 e- sp ec ifl c troponin T, an antibody 

bavmg apecrfc binding ^ for ^ ^ 

navu* spemfic binding affinity for myosin. SimUariy, tinkera are describe, above, and 
nreb.de antibodies bavin g specific bi«din g affinity for a cen-specific surface a„ti g en arm 
~y .tinpairs. A composition of.be invention aisooa.ine.nde an ima^ age* 
such as those describe above for moni,orin g me stem celis m Wvo. Specific elmp.es of 
tmagrag agents include MION, SPIO, and USPIO. 

confers), and cat, fintber inCnde written Actions. ^ instructions can describe 

be ^tfic to tag gm g cofis harvested from an individua., and can additional include 
mstrncnons for performing an autologous transplant on me individua. with the tagged 

and/or fcbehng stem cefis. Additional reagents can be buffers, Byrnes, co-factom, I 
medals to infirm me tagging and/or .abeling. ^positions of me invention also can 
tnCude ma,ena,s or magenta for harvesting stem ceUs from an individua! and preparing 

ml , Tr" 8 labeUnS ^ C °— S «"» *»— « « 



10 



15 



20 



25 



30 



Attorney Ref. No.: 0953 M44P01 

limit the^ ^ deSCribed " fol, °^ -atnples, which do not 

limit the scope of the invention described in the claims. 

EXAMPLES 

1 Example 1 - ExnerWn^i r/ , 11p7 

Animals in Group 1 fa = lOpigs) are exposed only to coronary ligation with no 
cell transplantation. Animals in Group 2 fa = 10 Di«W„ 

vjroup^^n 10 pigs) are exposed to postinfarction LV 
^^wta^d^.^^ A^ fa<to ,3fe.l 5lirt 
receive MSCstageed with ammf. a.- ■ • „ "pigs} 
MSCs Sro „ n, Group 4 (n = 15 pigs) receive 

* agSed W " h •""■dreWAMfao-fa,, oxide nanoparticle (MION) 
Bnefly, Yorkshire swmes(45 days of age; -.0 kg) are anesthetiaed with 
*«— i-l—MOM,^ Aleftthorecotomyisperformed 
£~*r « cm of *, left ante™ descending coronary ^ ^ iiM „ ^ 
fire, dmgonal vessel ,s dtssected fren and a silicone elastomer catheter (0.3 mm id ) is 
">^AD. FormeanhnalsinGmup, , the ches, is o.osed in ^sodtTe 
atuo,^ allowed to recover. For ^ in ^ 2> 3> md ^ J 
ocetaded by either a ligature proximal to ^ „ . w ^ fte 
ao enor mtra venhicular vein from the coronary sinus, and !0 miUion MSCs (autologous 
cl, J ^*"^-***-U.hUD^ ll-fc , ai 
cathefcr .s then removed and mo artery repaired, lowing 2 honrs of LAD oco.usion, 
ft eoeo 1U s,o n hgamre is removed. This aiiows 2 horns of dweiHng time for the MSCs 
hemg .posed * tire ischemic myocareiun, Repertoion arrhyftmuas are treated with 
defihnuahon. The ches, is then c>osed in layem. Animais receiving transited 
uMogous MSCs receive hnmunosopression with dyclosporine A(l5mg/kg dai,y with 

final study 8 weeks after myocardial infarction. 

Example ? Met hod. Stoosiior^^ , beir eflfe 

For «he non-invasive studies, tho animals are anesthetized with sodium 
Pentoharhiu, (30 mgfcg, iv.) following sedation with ketamine (20 mg/kg i.m., At the 
final MR1 smdy, a caUreter is placed into the left femora, artery and advanced into tho 
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LV chamber for LV pressure recording. FoUowing the MEI study the femora! cameter 
is removed and the wound repaired. 
Non-invasive 3I P-MRS 

A technique has been develop* using 3 tp-MRS study with an external coil in a 
Cosed ches, dog model to examine myocardial phosphates non-invasively. m this non- 
mvasive shady, me transmural distribution of 3. P metabolites km cylindrical regions 
across the left ventricular (LV) wait of a elosed-ches, canine mode! were measured. MRI 
stitd.es were conducted on a 4.7 T/40 cm SISCO system. When spectroscopic imaging ia 
■mplementen with ore Fourier Worm approach, spectra originate from rectangu Jy 

ahapeoreg.onswithpotenadlyaignif.camerroraftomcroas-voxe.conteminafo^ Inme 
preaent experiment, Fourier Series Window (FSW) and selective Fourier transform 
methods weigh, the data sampling with a desired filter, thereby eliminating the croae- 
voxel contamination due .o the Fourier transform point-spread function; spectra are 
generated from apafiaHy localized voxela of predetermined shape, me position of which 
can be shifted ariritrarily in the phase-encode directions. In tins study, the 3-D B 0 FSW 
technique was used to define eylindrica! voxels; mis voxel shape no, on.y conforms well 
to thegeotnetryof me LV wan, bn, also requires fewer phase-encode steps man required 
for a rectangular voxel. A 7.3 cm diameter surface coil was utilize for 3>P spectroscopy. 
Anatomical images were acquired with a dual-loop 1 H coil utilizing a (as. gradient-echo 
sequence, with a magnetization hnnsfer preparation period generating high contrast 
between tissue and blood. 

Nineadnl, mongrel dogs weighing 13-26 kg were anesthetized and intubated A 
catheter was intioduced into the femoral vein and advanced ,„ monitor LV pressure Tne 
tunmals were placed in me prone position on the coil platform, win, me heart directly 
over me «P surface coU. To more dearly demonstiate the distinction between skeletal 
and heart muscle, the skeletal muscle of tire chest wal. was made ischemic by applying 
pressure to nte ribs, as the animal was positioned secorely on the platform. The 3-D B„ 
FSW sequence for 3>P spectroscopy was performed over a 10 x 10 x 6 cm3 FOV with 5- 
temr circulate coefficients to obtain cyhnder diameters wim ml, width of half-maxhnum 
stgnal mtensity (FWHM) of 19 mm, and 9-term rectanguhr coefficient to obtain 
cylinder height of 5 mm (cytinder FWHM volume = .4,8 mm3). Datit acquisition was 



12 



Attorney Ref. No.: 09531-144P01 



10 



15 



20 



s^chron.zed to the carxUac cycle only, as respiratory motion was fo^^ 
the regxon of the LV wall studied. The RF pulse length was 33 us, with 1 ms phase- 
encode gradients incremented by 0.09 1 G/cm to define the cylinder diameter, and by 
0.152G/cmtodefinethecylinderheight,foratotalof681 distinct gradient 
combination, A total of 1959 transients were collected within 26 min. Thenumberof 
data acquisitions for each phase-encode step was weighted according to the Fourier 
coefficients; differences between the actual coefficients and the integer number of 
accumulations were accounted for by multiplying the resultant signals with correction 
coefficients. A spectrum from a single voxel was generated by summation with respect to 
the phase-encode domain; spectra from arbitrarily defined spatial locations were 
generated by voxel-shifting the data with post-acquisition processing. 
NMR spectroscopy 

■ Spaually localize 3I P NMR spectroscopy k performed in open ehes. animals 
us.ng the RAPP-JSiS method (see, for examp.e, Wang e. al.. 2002, A mer . J. Palhol 
161.-565-74 and referetKtes therein). CP.ATP, and Pi levels corresponding to the integrals 
of each resonance peak are seriaily monitored throughout the study. The chemical shift 
of Pi relarive to that of CP is used to calculate cytosolic pH. Mg~ is determined ftont 

^nT 0 !** ^ ^ ^ (VerhOVCT " *• '"^ lo2:1597- 
1601). An HPLC-measured ATP value obtained from an epicardia! biopsy a. me end of 
*e experiment. Wren together with the integrals of the peaks on the immediate pre- 
btopsy sub-epicardial spectrum peak integrals, is used to quantify all apecn-a. 
.Calculating myocardial free ADP l^ic 

The myocardial ftee ADP level is calculated ftom me creatine kinase equilibrium 
expression using an equilibrium constant of 1 .66 x 10». and cytosolic pH = 7.1 1 [ADP] - 
([ATPHCR^lyacPJ^^CVerhovenetaL, 1995.7.^.^., .^W-loO!) 
CP and ATP values are obtained from spectra caUtauted by me biopsy measured ATP 

Free creatine is calculated by subtracting the CP values from the biopsy obtained 
measurement of total creatine. 
'H-MRS Mftagiir^sanfr 

■H-MRS deoxymyoglobin measurements are performed as described above in 
open cheat animaia using the double tuned surface coi> p,aced on the epicardial surface 
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in the LAD perfusion bed. Because of the short Tl end T2 of this Mb-o signal, spatial 
localization canno, be performed with phase encoding and Che, strategies that require 
graven, switching following signet excitation. W.propose to perfonn transmural 
locahzaSon using tD frequency encoding pe.pendicu.ar to the LV waH surface 
underneath the surface coi, and lerting tie small coi. dimensions restrict the signal in the 
other two dimensions on the plane of the coil. The frequency encoding will be 
performed by turning on the gradient prior to the mat signal excitation and leaving i, on 
dunng the entire aeration and all subsequent signal excitations and data acquisitions 
dunng agrud averaging. This sfrategy takes advam^ of the large frequency shift 
between the water and Mb-S resonance. This gradient magnitude can be -0 1 to 0 2 
Q/cm so that across the typically 1 cm thick LV wall the frequency difference wil! be 
-450 to 900 Hz. Myoglobin satumtion (%) is defined as 100 (measured 
deoxymyoglohin resonance totenaity/deoxymyoglobta resonance intensity during total 
occlusion) and is converted to P 0 2 using the myoglobin saturanon-P 02 eurves as 

previously reported (Zhang c. al., 2001. Am. J. PHysU,l. Hear, Ore PHysioL, 280:H318- 
H326). 

MRI cine techniq ue 

The parameters of the segmented cine sequence at 1 .5T are: TR/TE/flip angle = 
33 ms/6.1 ms/25 degrees with a FOV = 17.5 cm and a matrix of 87 x 128 (pixel size- 2 
nun x 1.4 mm) interpolated to 256 x 256 and slice thickness of 7-10 mm This 10- 
nunute protocol provides high signal to noise movie-like cine sequences covering the 
entire heart. 

In order to obtain high-resolution anatomical heart images, multi-slice spin echo 
images are acquired to cover the entire heart. These images pennit the precise 
25 delmeation of the extent of the scar region of the heart. 

The imaging data are evaluated using an automatic segmentation program 
Ventncular volumes, ejection-fraction, LV diastolic and systolic volumes are obtained 
Absolute myocardial mass from multi-slice, multi-phase MR cine images are then 
automatically calculated. The left ventricular.end-diastoUc volume (yj> and end- 
systolic volume (V S ) of each slice is represented by the area enclosed by the 
endocardium. The total left ventncular volume is computed by adding the volumes of 
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aHsHces. LV EF is calculated by 1 00% X (Vd-Vs)/Vd. Inter observer and intra observer 
error for the calcmations of LV mass and LV volumes have been previoualy ah,™ «o be 
less than 3 gn, and 3 ml. respective* Meridianal waU stress ia computed iron, fte LV 
pr^sureand simultaneously obtained LV radius measurements from abort axis view of 
LV MM (LV oavity diameter and average ftickness the remote LV wall) as previoualy 
descnbed (Grossman et aL, 1975, J. Clin. Invest., 56:56-84). 

Gd-EDTA enhanced MM has been demonstrated as a reliable method to evaluate 
fte myocardial viabiWy (Kim e. at. 1999. Ontoon, 100:1992-2002). A, the initial 
MM atady, infarct size can be quantitated by injecting (via the left atiial Une) Gd-MP (an 
10 MRI contrast agent which haa been used to examine myocardial viability) a, ~3 hours 
pos.-infarc.ion. Tbis technique correlates well with TTC staining result validation 
stitches comparing Gd-MP estimation of infarct size with TTC-measured infarct The 
ratio of mass of myocardium demonstrating Gd-MP brightness to totaf mass of LV 
myocardium will be considered to be me % LV infarcted. Ibe severity of ft. taitial 
myocardial damage indicated by ftis vaiuable is ften analyzed wfft me valuables, which 
reflect the severity of LV remodeting. ejection fraction, as well as myocardial 
moenergetics in each group. Finally, ftia ratio ia compared with the flnal scar weight 

All MRI studies are performed on a standard Siemens Medical System VISION® 
operating a. 1 .5 Tesla. All of me imaging sequences are gated with regard to fte 
20 elcctiocardiographic signal obtained from leads p.accd on fte shaved skin surface while 
raspatory gating ia achieved by tiiggering the ventilator to fte cardiac cycle between 
data acquisitions. 
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Example 3 -In vitm p rot»™| 

In vi,ro experiments are carried on. to ensure that the respective cell labeling 
tochntqne (P-glactosidase or MION) does no. alter fte characteristics of fte MSCs. The 
MSCs are labeled wift MION as described previously. Alternatively, fte MSCs are 
togged wift nanoparticles on fte cell surface using an annexin/MION complex 

The following describes fte procedure for labeling stem cells wift ultra small 
superparamagnetic iron oxide (USPIO) particles for imaging. Briefly, fridex (5 mg/ml) is 
ccmcubated. with fogene (, M ,/ml) for 30 minutes in serum-ftee modified DMEM 
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consisting of 60% low-glucose DMEM (Gibco BRL), 40% MCDB-201 (Sigma) IX 
insulin transfer* selenium, IX linoleic acid-bovine serum albumin (LA-BSA) 0 05 uM 
dexamethasone (Sigma), 0.1 mM ascorbic acid 2-phosphate, 10 ng/ml PDGF, 10 ng/ml 
EGF, 100 U/ml penicillin and 100 U/ml streptomycin. The stem cells (10 x 10*) are 
seeded and cultured in stem cell medium containing 2% PCS. After 12 hours, the culture 
is replaced with the labeling medium described above and incubated for an additional 24 
hours. 

Example 4 - Tn \>i vo protocol 

The animal model preparation, catheter based coronary artery stem cell delivery 

andphysrologicalexperimentsusmgMRI^aredescribedinExample 1 Totarget ' 
tagged stem cells in vivo, first passage swine MSCs are cultured and transfected with 
AdS-RSV-LacZ. The cells are tagged with annexin using an anti-CD44 antibody, which 
drrects the stem cell toward the infarcted area by annexin and phosphatidylserine (PS) 
brndrng. After assessment of tagging efficiency, either intravenous or catheter based 
coronary artery administration of approximately 20 x 10«cells/ml saline are infused and 
then flushed with 1 ml of saline. Sixteen days later, LV function and energetics are 
examined with MRI/MRS as described above in Example 2. 

The LV is excised and the following experiments are performed to evaluate the 
fate of the tagged transplanted MSC: (a) gross specimen P -gal staining to evaluate 
engraftment of cells by visible blue color; (b) histological sections with P -gal staining to 
• count cells expressing 0-glactosidase under the light microscope as compared to MSC 
transplantation with no tags; (c) immunochemical staining using different antibodies 
to detect specific myocardial proteins (e.g., cardiac-specific troponin T) to identity ceils 
denved from MSC, and to look for gap junctions; and (d) PGR of the frozen samples to 
amplify the AdS-RSV-LacZ vector fragment DNA sequence to confirm that the P - 
glactosidase signals are from the transplanted cells and not from endogenous immune 
cells that can express low levels of p-glactosidase. 
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Example 5— In vitrn t ap f »ne of MSf! with anagxjg 

Data fiom vitro studies demonstrated successful tagging of MSG with annexin, 
and showed mat tagged MSG bind to apoptotic Jurkat cells (Figure 1). Histograms of 
flow cytometry of MSCs with (top) or without (bottom) tagging are shown in Figure 1 
Panel A demonstrates that MSCs without tags interacted with FrrC-anti-annexin 
antibody only. The fluorescence counts represent the FlTC-IgG. This indicates that 
MSCs do not have cell surface annexin. Panel B demonstrates MSCs tagged with anti- 
CD44 antibody and crosslinked with annexin interacted with FITC-IgG The 
fluorescence counts represent the FITC-IgG. This experiment was done as a negative 
control for the Panel C experiment. Panel.C demonstrates that MSCs tagged with anti- 
CD44 antibody crosslinked with annexin interacted with FITC anti-annexin antibody 
The fluorescence intensity appeared different as a consequence of binding to the stem 
cells. These data demonstrated that linking of annexin to MSG was greater than 90% 
since the two peaks had almost no overlap. 

Immunohistochemistry also was used to demonstrate the specificity of annexin- 
tagged MSCs. Ad5-RSV-LacZ infected and annexin tagged MSCs (5 x 10 s ) were co- 
incubated with apoptotic Jurkat cells (5 x 10«) in cold binding buffer. For inducing 
apoptosis, Jurkat cells were pretreated with 0.5 „g/ml actinomycin D in 10% FBS-RPMI 
1640 medium at 37°C for 1 5 hrs. Cell smears were made for in situ Jurket celt death 
demonstration using TUNEL technology (/„ Situ Cell Death Detection Kit, Roche) The 
MSCs tagged with anti-CD44 and crosslinked to annexin bind and form a rosette with 
apoptotic cells surrounding the MSG cell, 0-galactosidase expressed by MSCs was 
demonstrated using the X-Gal Staining Kit (Invitrogen). 



were co- 



Example 6 - Annexm-t^rri MSCs hi^H t„ T ^ ptotiR TlllW „„ e 

Ad5-RSV-LacZ transfected and annexin-tagged MSCs (5 x 10 5 ) < 
incubated with apoptotic Jurkat cells (5 x 10*) in cold binding buffer for 2 m-s, which was 
then replaced with stem cell medium and the cells cultured at 37°C for an additional 2 

30 10% FBS-RPMI 1640 medium at 37°C for 15 hrs. Cell smears w ere made to 

demonstrate 0-galactosidase expression in the transducted MSCs (X-Gal Staining kit, 
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mvitrogen). MSCs bound several apoptotic Jurkat cells and began spreading along the 
substratum of the culture dish. 
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Example 7 - In viva st,,H Y nf *» ?? .a , M c; C 

Twenty million annexin-tagged allogenic MSCs were delivered through an ear 
vem catheter to two pigs prepared as described above in Example 1 . Light microscopic 
ev^luauon indicated that MSCs homed in the periscar region and were surviving and 
mfferentiating in the myocardial infarct region, which was not observed in two control 
annuals in which untagged cells were delivered via a peripheral vein 

When the annexin tagged MSCs (20 million) were delivered via a LAD catheter 
maseparatemv/v* study, significantly more stem cells homed to the myocardial infarct 
region. These results indicate that the annexin tagging system does promote stemcell 
homing into damaged myocardium, particularly when the cells are delivered via a 
coronary vein catheter. 

Exaprpfc 8 - WEHprrq. dimctm, and nnn i m ^.^,^„ ----„ !„ „ , „ „ „, 
cells in vitrn 

To track transplanted stem cells' migration towanjs , he target tissue or organ 
(myocardial infract (M) and snrronnding area), U, Wvo and in vrtro transplant MSCs 
w«e tagged win, , novel tripte-tag (a superparamagnetic nanopartic.e and dual specific 
anybodies, wherein one antibody binding site is the stem cel. surface antigen. CD44 and 
the other is annexin). Cells were labeled with supe^aramagnaic toon oxide particles 
(SPIO) by mcubating nou-labeled MSCs with SPIO. mixing for 30 min at 4°C and 
washing 3 times with PBS. 

Triple-tagged MSCs were resuspended in 100 ml of 1% l„ w melt agarose at a cell 
density of 1 x 1 0' colls/ml and loaded between two layers of agarose gel. The MRJ 
detection was done using a 1.5T magnet. A 2D gradient echo (GE) imaging technique 
w,ftmulhp,eslico interleave dam acquisition scheme was applied Data matrix: 256 x 
256, TR/TE - 600/30 msec ; FOV = 200 mm, shee thickness - 3 mm. A small circularly 
polanzed birtcage coil (,2 cm ID) was used. This study demonstrated tha, MSCs labeled 
wth an SPtO surface mariter are clearly detectable in vitro with MPJ, and therefore 
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demoted the feasibib'ty of specific targeting and non-invasive ^ of 
transplanted stem cells using MRI. 

Wv„ in 2 T" T ProIifera,i0n ~' of autologous MSCa „ 

Z r° ' eX ~ tS " 8 ^ "* MSC — *— « 

were performed. An LAD occlusion was performed to examine areas ^ C e„ 

b^lantadon and areas remote Irom ,he ceU trans^antadon. Animals were followed 
.0 n^o T ^° PMChMmSStodyWM ~^'»- m ine ttl e L V«hio t enin g 

^sw^observednraeareawnere^^hadbeenn^ed. The findings were 
— for a„ 7 pigs smdied o„ post . moItem ^ J£« 

were ound m the infarcted ama. Tbe PCr/ATP ra Uo was -..0 in *e area wi^T 
^lamanon. »P-MRS were ac^uimd using an ISIS column of 10 x 10 nun' 
perpend-cular ,„ «he surface coil so ma, me phosphorous signal was from me ama 
perfu S edbymeoccludeda rt e Iy (whe reM SC S „e re seeded). This PCr/ATP ratio was 

2.2 m normal bearfs. The finding of high-energy phosphates (PCr and ATP) present in 
teas where MSCs worn tmnsp.anted uxlicates me preS encc of MSC engraWn, 

These dam indicate mat: 1) the ischemic ^environment is pennissive for 
^^^ajhigh^ph^^^,^ ^ 

MSCs differentiate to myocytes in ischemic myocardium of swine hearts. 
25 Example in -Results 

im^rfTT °' ^ 10 dyM,niCaUy eX ° 8en ° USly * » » 

1!^ ,t H ^ ^ ° bSCTVati0n ' — *- ** -~gical analysis f 
30 of TTTr^ * - U, a better nndlnding 

30 ofengmftmen, and regeneration potendal of Ranted ceUs. These studies also 
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provide valuable data examining the potential of contrast-enhanced MRI to U >H , , 
replace histological examination for cell therapy. 

To visualize and track transplanted cells in vivo the MSC.tr, a „ 

w a^dinsi a target site (i.e., infarct reeicnrt anf?^ a 

The data from toe /„ v*r 0 studies demonsuated that lagging fte MSCs wi* 
stem cells delivered throuch a nen'«Woi • , w Sgea 

celU delivered via the neri„h, ra , • tT «Penments using untagged stem 

«d vta the penphera, ven. The sam e snategy is nsed ^, „, SCs ^ ^ 
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evaluatton of methods to ^ hom ^ ' 

^'^--^vc I yw it hM W i nc e„ uIarth ^ yfor ^^™ CeU 
C5) u»n 8 the m avjdin/bi0Hn bindjng ^ ^ ^ J " ( f 

**— * «- o f myocaniiaI ^ „ ^ ^ ^ 

===== ~- 

comp,™^,^^ 



OTHER EMBODIMENTS 

»v. n „„- ... P mo6theforego,n S description is intended to illustrate 

^ I ^^^^""•"^^^^n.eseopeof^appera 
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WHAT IS CLAIMED IS: 

2- The method of claim 1, wherein said cells are stem cells. 

3- The memod of claim 2, wherein said stem cells are selected from me 
group consisting of mesenchymal stem cells (Mir* j , ^ '«*ed from the 
cells. jmai srem cells (MSCs), and endothelial progenitor clem 

«• The method of claim 1, wherein said cells are autologous allogeneic or 
xenogeneic relative to said individual. S°us, allogeneic, or 

select r ^ ° f ^ '• WheKta ^ *** «* -mber is 

^ f T " ° f "* ^ "utding 

tftay for cardiac-specific noponin T, an antibody having specific binding affinity for 
cardiac-specific troponin ,, an anlihody having specific binding affinity fo sfcZ 
muse e-specific Imponh, T , ^ havtag * ^° «~ ■ 

pcriohem, • memeft ° d0fC ^'' Wh ^- di ~->gi S viaaco ro naryvci„ a 
penpheral vem, or a coronary artery of said individual. 
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7. The method of claim 1, wherein said damaged tissue or organ is selected 

IT ^ myCOCardiaI ' PerfCardiaI - ^ ey skeletal 

muscle, central nervous system, and liver. 
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H. A^thodofdeliveringstemcellstoamyocardialinfarctioninan 
individual, comprising the steps of: 

annexing ^ ^ ^ ~ ^ ~» - ^ 

^ rod «*W ^gged stem cell into the vasculature of said individual 
, thereby delivering said stem cells to said myocardial infarction. 

12. The method of claim 11, wherein said stem cells are selected from the 
group consisting of MSCs and EPCs. 

13 - A composition comprising: 

at least one linker moiety; and 

at least one target cell binding member. 
30 selecJr* ^^ion of claim 13, wherein said target cell binding member is 

affimty for carctac-specific troponin T, an antibody having specific binding affinity for 
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cardtac-specific troponin J, an antibody having specific Mnding affinity for slreIeta , 
nrnde-spectfic troponin T, an antibody having specific binding ^ 
musc.e-specific troponin and an antibody having specific binding ^ for myosfa 



15- The 



con.posi.ion of claim Z3, further comprising an imaging agent 



16. ne ~™Po S Wonofclaiml5,wherei n saidimagi n gagenti S selected & o m 
the group consisting of MION, SPIO, and USPIO. 

in^ I"' , ^^''"^"^^"'"■P^gthecompoaition of claim 13 and 
■naruchons for tagging cells with said target ce U hinding member nsing said fin^ 
wheremsatdcens am stem celis harvested from an individnal. 

15 perform!!. ™^^° le0fmmUf " toe0fC, ^ ,7 -^«-Sinshucfionsfor 
performmg an au tol ogons transput on said individual wim said ce«s after said tagging. 
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anhnaj!gagr Sto ^ 0fCto,9, ^ einSaid ^ Ce " S -^^^ 
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ABSTRACT OF THE DISCLOSURE 

The invention provides for methods of directing ceUs to a damaged tissue or 
" n,diVidUal - P">«des for methods of monitoring sueh ceils to the 

-^^^*eda m agedtiss»or<^.to^ OT , fteinve ^^ ita US 
«*nt ceiis ma, We oeen tagged soch tha, the tagged ceiis can ee Lted to 
damaged tissue or organ. 
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